Objective: Although succinylcholine (SCh) has side effects, it is among the most commonly used muscle relaxants for rapid induction because of the faster onset of its effects and short effect duration. However, there is no information regarding the frequency of use of SCh by anaesthetists in Turkey. This study aims to investigate the use of SCh by anaesthetists working in Turkey.
Introduction
A fter the neuromuscular effects of succinylcholine (SCh) were described by Bovet (1) in 1949, its use in clinical anaesthesia was initiated by Foldes et al. in USA in 1952 (2) . The muscle relaxant effect is similar to acetylcholine (1) (2) (3) (4) . The simple molecular configuration of SCh formed by two acetylcholine molecules and low molecular weight allow it to quickly pass the endplate receptors from blood and is thought to contribute to its rapid onset effect. In normal plasma, the hydrolysis by cholinesterase of succinylmonocholine and choline in SCh is very fast (5) .
Currently, SCh is still the only depolarizing muscle relaxant in clinical use (1) . The reasons SCh remains popular despite reported complications is that it forms a quicker deep block (within 60 s) than the common non-depolarizing neuromuscular blocking agents (ND-NMBA) in use today and allows recovery from the third minute to end block in 12-15 min together with non-toxic metabolites, and its lower cost (3) (4) (5) (6) (7) . Because SCh stimulates the muscarinic and nicotinic receptors in a similar fashion to acetylcholine, it has unwanted and possibly life-threatening side effects such as bradycardia and asystole in the cardiovascular system; fasciculations and related muscle pain in the skeletal system; temporary increases in intragastric, intraocular and intracranial pressure; lengthened paralysis due to plasma pseudocholine esterase deficiency or depletion and malignant hyperthermia (1, 8) . Due to SCh's shorter effect, it is a good choice as a muscle relaxant for situations with expected difficult intubation, such as morbid obesity and obstetric surgeries, to prevent life-threatening hypoxia in situations with a possible risk of aspiration of stomach contents such as the acute abdomen, ileus and emergency trauma surgeries and for aggressive airway management (9, 10) .
Use of Succinylcholine by Anaesthetists in Turkey:
A National Survey
Since introduction of the use of sugammadex, which is used to quickly eliminate the effects of steroid ND-NMBA, the concerns related to the indications for SCh have increased. Currently, there is a global trend to remove SCh from use, not only under elective conditions but also for paediatric and adult emergency surgeries. There is no data found on the use of SCh by anaesthesiologists in Turkey. The aim of our study was to investigate the use of SCh for emergency and elective anaesthetic applications in all age groups (children and adults) by anaesthesiologists working in Turkey. The hypothesis of this study was that SCh is frequently used in Turkey and that indications are widely varying and side effects are frequently encountered.
Methods
A "survey web page" was sent to the email addresses of anaesthesiologists working in Turkey twice between the dates of March 2012 and September 2012. This survey asked participants a total of 24 questions related to the use of SCh, a depolarizing muscle relaxant. The questions were divided into five groups labelled A-E. Section A included demographic data, section B included the use of SCh for adult elective surgeries, section C included the use of SCh for paediatric elective cases, section D included the use of SCh for emergency cases and section E included thoughts and experiences related to the drug (Appendix 1).
Ethics
This study was completed after receiving permission from Çanakkale Onsekiz Mart University, Anaesthesia and Reanimation Department, Çanakkale Onsekiz Mart University, Human Ethics Committee (Date 05/23/2012, Decision no: 2012/12-03).
Participants
Anaesthesiologists working in Turkey were included in the study. Participation was according to desire. Because filling the survey was according to the wish of the participants, consent was not obtained.
Reasons for exclusion from the study: (1) Those who did not respond between the dates were not included in the study and (2) after sending the email, addresses with problems reported during the sending procedure were removed from the study.
Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS Inc., Chicago, IL, USA) version 15.0 for Windows.
Results
A total of 1882 email addresses of anaesthesiologists were contacted. Of the 1882 anaesthesiologists, 433 provided feedback. The response rate to the survey was 23% (433/1882). Of the anaesthesiologists who answered the survey, 152 (35.1%) worked in university hospitals, 177 (40.9%) worked in state hospitals and 103 (23.8%) worked in private hospitals (Table 1) . Among those who participated in the survey, 54.27% reported the use of SCh for adult elective cases, 29.33% used it for elective paediatric cases and 74.13% used it for emergency cases ( Figure 1 ). There was no difference between those who used SCh and those who did not in terms of age (p=0.182). Although more male participants were found to use SCh, there was no difference between those who used it and those who did not in terms of gender (p=0.239). Based on expertise, the participants with an experience of less than 5 years were the group who used SCh the most, whereas those with an experience of more than 20 years were the group who used it the least (p=0.014). When examined in terms of organization, although those working in state hospitals used SCh the most, those working in private hospitals used SCh the least (p=0.039) ( Table 1) .
Use of SCh for Adult Elective Cases
In section B of the survey, it was reported that 54.27% (235/433) of participants used SCh for adult elective cases ( Figure 1 
Use of SCh Paediatric Surgery Cases
Of the total number of respondents of the survey, 29.33% (127/433) reported that they preferred to use SCh in paediatric surgery cases ( Figure 1 ). Of the 29.33% of anaesthesiologists who used SCh for paediatric surgery cases, 0.7% did it routinely, 9.7% often, 33.6% occasionally and 56% rarely.
The most frequent reason for use was expectation of difficult intubation/difficult airway ( Table 2) .
Use of SCh for Emergency Cases
Of the total number of respondents of the survey, 74.13% (321/433) reported that they preferred to use SCh in emergency cases ( Figure 1 ). The anaesthesiologists who used SCh for emergency cases (29.33%) did it routinely (2.2%), often (14.3%), occasionally (51%), and rarely (32.5%). The most frequent reason for choosing SCh for emergency cases was expectation of difficult intubation/ airway ( Table 2) .
Thoughts of Anaesthesiologists on Use of SCh
In this section, where more than one choice could be marked, the top indication was the rapid onset of effect (82%). Other reasons for use were ability to use in emergency situations, short-term effect and quick recovery. The most frequently indicated disadvantage of SCh was bradycardia/ bradyarrhythmia. The percentage who had encountered negative side effects after use of SCh in clinical practice was identified as 73.21%. The most frequently reported side effect prolonged block as indicated by 206 people (Table 3) .
Discussion
To our knowledge, this is the first study on collecting data pertaining to the habits and experience of (Figure 1 ). On further investigation of this data, it was found that, particularly for emergency cases, SCh continues to be popular.
Use of SCh for Adult Elective Cases
In the B section of the survey, 54.27% (235/433) participants reported using SCh for adult elective cases. Compared to national surveys in other countries, this rate was only 8% in France (12), whereas the rate was 35% in hospitals in Germany (13) (17) criticized the study by stating that there were more than 10,000 anaesthetists in the UK, and that the number of participants belonging to UK in the study by Naguib et al. (16) was unknown; therefore, a low number of participants indicated that the study could not be considered to represent administration in the UK. In 2011, a multinational study by Karanovic et al. (8) reported that rates varied between countries; however, the rate of use of SCh for adult elective cases was 69%. We believe that the rate of 54.27% in Turkey is close to the results of many other countries.
The same study by Karanovic et al. (8) reported that the first reason for choosing SCh was the expected difficulties in intubation/ventilation (74%), followed by caesarean section (54%). In our study it was reported that the most frequent reason for choosing SCh in this group was caesarean section, followed by the expected difficulties in intubation ( (22) reported 30.8% were emergency patients and 69.2% were elective patients; however, detailed information about the general anaesthetic and muscle relaxants used for elective and emergency cases was not provided. In our study, we found that SCh was mainly used for caesarean surgeries in elective adult cases that were opted for by 65.53% patients.
Use of SCh for Paediatric Surgery Cases
In the caesarean section of the survey, the rate of use of SCh for paediatric elective cases was found to be 29.33% (127/433) ( Figure 1 ). The most frequent reason was the expectation of difficult intubation/airway (75.59%, 96/127) with the second most frequent reason for choosing SCh being very short duration anaesthesia (60.62%, 96/127) ( Table  2 ). Nauheimer et al. (23) in a national survey study in 2009 found that in Germany, mivacurium was frequently chosen for paediatric elective cases while the use of SCh was very low with participants reporting that they never used SCh in 60% hospitals and 80% ambulatory anaesthesia centres. Furthermore, a national survey study in the same year in the UK, Alford et al. (24) found the rate of routine use of muscle relaxants for intubation in tonsillectomy surgery was 47% with the rate of use of SCh being very low at 9%.
In December 1993, a warning was issued by SCh producers to anaesthetists in the United States of America that "apart from emergency tracheal intubation and situations where the airway must be immediately secured, the use of SCh for children and teenagers are contraindicated" (6). This warning Turk J Anaesth Reanim 2015; 43: 323-31 (25) . The problem was debated by the special Anaesthetic and Drug Support Advisory Committee and Federal Drug Administration, and it was decided that this directive had no scientific background. They recommended that a warning, informing that SCh may be related to hyperkalaemic cardiac arrest in children without diagnosis of myopathy, be included in the prospectus. At the meeting, the use of SCh was defended with the argument that the full removal of SCh from clinical administration would possibly cause more deaths and complications than the reported deaths related to muscle diseases (6, 26) . In Turkey, the SCh prospectus includes warnings that "SCh should only be administered to paediatric cases in emergency situations" and "careful monitoring is required with its use because of more frequent incidence of increasing high fever and dangerous disorder of cardiac rhythms in children". The results of our study reveal that the most frequent reason for anaesthesiologists in our country choosing SCh in paediatric cases is the expectation of difficult intubation/ventilation.
Use of SCh for Emergency Surgeries
It was reported that of all groups in the survey, the highest rate of use of SCh was 74.13% for emergency surgeries (Figure 1) . The first reason for use was expected to be difficult intubation/ventilation at 78.81% with the second reason being risk of aspiration of gastric contents at 72.89% (Table 2) . It was possible to mark more than one indication in answer to this question on the survey.
A survey in Germany in 2003 by Hofmockel et al. (10) investigating the countrywide use of muscle relaxants for rapid sequence induction (RSI) found that while 86.8% of anaesthesia departments used SCh for RSI, an average of 56.5% used only SCh for RSI. Chabanne et al. (27) in a study in the south east of France reported 98% use of SCh for RSI. Karanovic et al. (8) in a similar international study researching the use of SCh in 2011 reported 68% use of SCh for emergency cases. Another study in Croatia reported that SCh was not used for only 6% of emergency cases. In our survey, the use of SCh for emergency surgeries was found to be similar to these studies.
In our country, in the two-year period from January 2001 to December 2002, a study evaluating the anaesthetic methods for emergency obstetrics and gynaecology surgeries retrospectively reported that for 16% of 1225 patients administered general anaesthesia, SCh was used as a muscle relaxant (28) . Similarly, in our study, SCh was chosen for emergency caesarean sections at a rate of 16.8% ( (9) . The onset time of effect of rocuronium reduces in a dose-linked fashion. While the duration to onset in highdose rocuronium (60%, outpatient anaesthesia, 1.2 mg kg −1 ) is similar to SCh, it has been criticized for the long effect duration (27, 29) . Recently with the entry of sugammadex in to use the indication areas for rocuronium have increased, and the use of SCh has been questioned more.
Thoughts of Anaesthesiologists on the Use of SCh
In this section where more than one choice could be marked, it was observed that the first reason for choosing SCh was the rapid onset of effect. The next reasons were ability to be used for emergency situations due to the short duration of effect and quick recovery ( Table 3 ). The most accepted disadvantage of SCh was that it caused bradycardia/bradyarrhythmia (Table 3 ). In the literature there are various numbers of reports of severe bradycardia and development of arrest after administration of SCh (30) (31) (32) (33) . Bradycardia and development of asystole after administration of SCh may develop with medications used during induction (30) and in patients with hyperkalaemia or patients at risk of possible hyperkalaemia stimulated by SCh administration (for example, skeletal muscle myopathies, muscle trauma and paraplegia) (33) . During electroconvulsive therapy (ECT), post-stimulus and after seizure asystole and bradycardia have been reported (30, 31, 33, 34) . Post-stimulus bradycardia is described as both an increase in vagal tone caused by stimulation of the hypothalamus and straining against a closed glottis during difficult expiration linked to the valsalva process (30) . While the clinical importance of these events is debated, atropine is accepted as generally effective for acute treatment for asystole and as prophylaxis before treatment (35) . In our country, a retrospective study of anaesthesia administration outside the operating room between October 2010 and April 2012 by Türk et al. (36) reported that for 36 cases undergoing 234 sessions of ECT in 90 sessions etomidate+succinylcholine was used, while in 144 sessions propofol+succinylcholine was used. However, they did not mention the complications reported in these cases. In our study, participants using SCh for adult elective cases reported its use at a rate of 14.6% for ECT administrations ( Table 2 ).
The second disadvantage considered for SCh was myalgia/ fasciculations. A meta-analysis found the incidence of postoperative myalgia in the first 24 h was 51% (10%-83%) and reported the risk of myalgia was reduced at high doses of SCh (1.5 mg kg −1 ) compared with low doses (1 mg kg −1 ) (37). Though postoperative myalgia was described at the beginning of the 1950s the pathogenesis is still unclear (37) . For prevention a variety of methods, such as low dose of ND-NMBA (37, 38), lidocaine (39), magnesium (40), dexmedetomidine (41) and gabapentin (42), have been suggested before admin-istration of SCh. However, postoperative myalgia has still not been completely prevented. In our study, myalgia was in second place in the list of side effects of SCh with similar rates (n:140%-48%) ( Table 3) .
Precurarization was reported to be regularly performed before use of SCh by 22.38% (n:63) in our study. A national study in Germany in 2003 found precurarization was administered by 22% (43) , while another national study in Germany in 2009 reported precurarization was not performed at rates of 90% and 75% for hospital and outpatient anaesthesia, respectively (23) . In our study, there were similar rates of precurarization that were regularly performed by 22.58% (63/279) anaesthetists, sometimes by 6.09% (17/279) anaesthetists and not at all by 71.38% (199/279) anaesthetists.
The second most common side effect was severe muscle pain (n=148), whereas resistant bradyarrhythmias (n=141) was the third one. The opinions related to bradycardia were defined as "resistant bradycardia" in this question; therefore, we thought that "resistant bradycardia" may be not marked enough. In contrast, if the option "bradycardia" was added to options in this question, the choice indicated to this question would be different. However, claims of recovered bradycardia with atropine during anaesthesia induction is due to succinylcholine is not entirely true. Because it is more accurate to say that the atropine-resistant bradycardia is due to succinylcholine, the "resistant bradycardia" option is used in this question.
Study limitations
It is clear that a greater number of participants responding to the survey would increase the value of our study. While it is certain that future studies with more participants will increase the reliability of the obtained data, we believe similar results will be found.
Conclusion
Turkish anaesthesiologists mostly choose SCh for emergency cases, particularly for cases with expected difficult intubation/ ventilation. When possible side effects are considered together with provided advantages, SCh is still widely used in our country. This choice of Turkish anaesthesiologists is in harmony with the current trends in the world.
It is essential that a standard care guide related to departments is created. The first stage in creating a standard care guide is to analyse and document the current administration situation. We believe our study may be a step towards preparing this guide, and this study will be complimented by more comprehensive studies in Turkey with this aim in the future. 
